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BAR-CODE READER AND METHOD OF
READING BAR-CODE

This application 1s a division of U.S. application Ser. No.
10/750,876, filed Jan. 5, 2004, now U.S. Pat. No. 7,007,847
which application claims priority under 35 U.S.C. § 119 of
Japanese Application No. 2003-045083, filed Feb. 21, 2003,

which are icorporated herein by reference.

BACKGROUND OF THE INVENTION

1) Field of the Invention

The present invention relates to a bar-code reader and a

method of reading the bar code to determine a basic width
of the bar code.

2) Description of the Related Art

Products are managed by providing a bar code to the
product and 1dentitying the product by reading this bar code
optically. Since the bar code labels can be prepared at a low
cost by printing etc., by using such bar code labels, it 1s
possible to reduce the management cost substantially.

The bar-code labels attached to the products are read
using a bar code reader. Such a bar code reader generally
includes an optical system like a laser reader, a charged
coupled device (CCD) camera etc. The bar code reader
receives light that 1s reflected from a bar code label, deter-
mines a pattern ol the white lines and the black lines 1n the
bar code from the optical power of the light reflected, and
then decodes this pattern to obtain character data that 1s a
pattern of numerals and characters. Such a bar code reader

has been disclosed 1n, for example, Japanese Patent Appli-
cation Laid-open Application No. S55-143682.

The accuracy of reading of a bar code varies according to
the position of receiving of the reflected light, 1.e. the
position of the photodiode. Thus, the position of the photo-
diode 1s an important factor that decides the accuracy.

Generally the conventional bar-code readers are equipped
with a single circuit board and a photodiode that receives the
light that 1s reflected from a bar-code label and an arithmetic
unit that decodes the bar code are installed on this circuit
board. When the photodiode 1s installed on the circuit board
along with the arithmetic unit or other components, the
positions where the photodiode can be installed are limited
so that sometimes the photodiode cannot be installed in a
suitable position that allows increased accuracy of reading.
If the photodiode 1s not installed in the suitable position,
there 1s a decline 1n the accuracy.

Widths of the bars in a bar code are regulated to be an
integral multiple of a basic width. When a bar code 1s
decoded, the multiple numbers (hereinafter, “width num-
ber”) for each bar 1s determined. Therefore, the basic width
must be determined accurately, because, the accuracy of
reading ol a bar code depends on how accurate 1s the basic

width.

However, 1in conventional bar-code readers, there are
cases where the basic width of a bar code cannot be
calculated accurately, thereby resulting in decline i the
accuracy of reading.

For example, a method of calculating has been used
conventionally 1n which a differential waveform 1s formed
by differentiating a scan result of a bar code and the basic
width 1s calculated from a distance between peaks (herein-
alter peak-to-peak distance) of the diflerential wavetform.
However, this method was based on an assumption that all
the peaks can be acquired and when a peak corresponding to
a bar having a small width number cannot be detected, a
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2

greater value as compared to the original basic width 1is
calculated as the basic width.

Concretely, for example, when a diameter of a laser beam
1s greater as compared to a bar that has a width number 1,
the peak value corresponding to a white bar and a black bar
having a width number 1, 1s smaller as compared to the peak
value of a bar that has a width number not less than 2. As a
result of this, 11 the peak value corresponding to a bar having
a width number 1 1s less than a threshold value, the peak of
a spectrum that 1s detected 1s only the peak corresponding to
a bar that has a width number not less than 2. Thus, when a
peak that corresponds to a bar having a width number 1
cannot be detected, 1in the conventional bar-code reader, a
width that 1s equivalent to a width number not less than 2 1s
miscalculated as a basic width.

Moreover, 1n a method of calculating the basic width, a
wavelorm 1n which a differential wavetform of a scan result
1s squared, 1s subjected to fast Fourier transform (FFT).
After the transformation, a frequency from the spectrum that
becomes a gain peak 1s considered as the basic width
frequency. However, iI this method 1s employed, while
reading an area where the beam diameter 1s thick, amplitude
of the basic width frequency becomes extremely small and
a false gain peak frequency that i1s greater than the gain in the
real basic width frequency i1s realized. Due to this, the
basic-width frequency cannot be extracted correctly.

Particularly, when the distance between a laser element
and a bar code 1s long, the outward diameter of laser beam
becomes large, thereby resulting in remarkable decline in the
accuracy of reading. Therefore, 1n the conventional bar-code
readers, 1t 1s necessary that the bar code be brought near to
the position of laser emission. In other words, 1n the con-
ventional bar-code readers, the range of bar-code reading
was narrow.

SUMMARY OF THE INVENTION

It 1s an object of the present mmvention to provide a
technology to accurately determine the basic width.

A bar-code reader according to one aspect of the present
invention scans a bar code that 1s formed by black bars and
white bars each having a width that 1s an integral multiple of
a basic width. This bar code includes a differential process-
ing unit that calculates differential of a signal obtained by
optically scanning the bar code to thereby obtain a difler-
ential data; a peak detector that detects peaks 1n the difler-
ential data; a peak-to-peak distance calculating unit that
calculates peak-to-peak distances for all the peaks detected,
the peak-to-peak distance being a distance between two
adjacent peaks; a frequency-mapping unit that calculates, for
cach of the peak-to-peak distances, candidate values for the
basic width by dividing the corresponding one of the peak-
to-peak distance by each of a plurality of mtegral numbers
that are possible candidates for the integral numbers respec-
tively; a transition-route forming unit that selects, based on
a predetermined criteria, a candidate value for the basic
width corresponding to each of the peak-to-peak distances to
thereby form a combination pattern for each candidate
values of the basic width; an error judging unit that judges
an mount of error 1n each of the combination patterns, and
determines a combination pattern, as a candidate combina-
tion pattern, having least amount of error from among the
combination patterns; and a basic-width determining unit
that calculates the basic width from the candidate values for
the basic width in the candidate combination pattern.

A method of reading a bar code according to another
aspect of the present invention 1s a method of scanning the
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bar code that 1s formed by black bars and white bars each
having a width that 1s an integral multiple of a basic width.
This method includes calculating differential of a signal
obtained by optically scanning the bar code to thereby obtain
a differential data; detecting peaks 1n the differential data;
calculating peak-to-peak distances for all the peaks detected,
the peak-to-peak distance being a distance between two
adjacent peaks; calculating, for each of the peak-to-peak
distances, candidate values for the basic width by dividing
the corresponding one of the peak-to-peak distance by each
of a plurality of integral numbers that are possible candi-
dates for the integral numbers respectively; selecting, based
on a predetermined criteria, a candidate value for the basic
width corresponding to each of the peak-to-peak distances to
thereby form a combination pattern for each candidate
values of the basic width; judging an mount of error 1n each
of the combination patterns, and determining a combination
pattern, as a candidate combination pattern, having least
amount ol error from among the combination patterns;
calculating the basic width from the candidate values for the
basic width 1n the candidate combination pattern.

The other objects, features and advantages of the present
invention are specifically set forth 1n or will become appar-
ent from the following detailed descriptions of the invention
when read 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration of the concept of a scan data;

FIG. 2 1s an illustration of candidate values of a basic
width of each peak-to-peak distance;

FIG. 3 1s a schematic block diagram of a bar-code reader
according this embodiment;

FIG. 4 1s an illustration of configuration of a basic-width
calculator;

FIG. 5 1s an illustration of a frequency table;

FIG. 6 1s an illustration of a frequency map;

FIG. 7 1s an 1illustration of transition routes;

FIG. 8 1s to explain a method of selection of frequency;

FIG. 9 1s to explain a threshold value for selecting the
frequency; and

FIG. 10 1s an 1llustration of forming of a transition route.

DETAILED DESCRIPTION

Exemplary embodiments of a bar-code reader and a
method of reading the bar code according to the present
invention are explained in detail below with reference to the
accompanying diagrams.

A concept of a method of reading a bar code related to the
present mvention 1s described with reference to FIG. 1 and
FIG. 2. FI1G. 1 1s an 1llustration of the concept of a scan data
acquired by scanning a bar code. As 1llustrated 1n part (a) of
FIG. 1, a bar code 1 includes alternately arranged black bars
B1 to BS and white bars W1 to W4,

The width of each of the black and white bars 1s an
integral multiple (width number) of a basic width 10. The
width of each of the black bars B1 and B3, and the white bars
W1, W2, and W4 1s same as the basic width {0, in other
words, a width number of each of the black bars B1 and B3,
and the white bars W1, W2, and W4 1s 1. The width of each
of the black bars B2 and B4 two times of the basic width 10,
in other words, a width number of each of the black bars B2
and B4 1s 2. Similarly, a width number of the white bar W3
1s 4.

When a laser beam 1s irradiated on this bar code, if the
laser beam 1s 1rradiated on a black bar, the optical power of
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the retlected light 1s low, and 11 the laser beam 1s 1rradiated
on a white bar, the optical power of the reflected light 1s
high. Part (b) mm FIG. 1 illustrates a scan data 2, that 1s,
optical power, obtained when the bar code 1 1s read. The
optical power 1s low for the black bars B1 to B5 and high for
the white bars W1 to W4.

Part (c¢) in FIG. 1 1llustrates a difierential data 3 obtained
by differentiating the scan data 2. The differential data 3 has
negative peaks nl to n3 at the boundaries between white bars
and black bars and positive peaks pl to p6é at the boundaries
between black bars and white bars.

From the differential data 3, peak-to-peak distances ATl
to AT7 between the positive peaks pl to p6 and the negative
peaks nl to n5 are calculated. The peak-to-peak distance
AT1 1s a distance from the negative peak nl to the negative
peak n2 and the peak-to-peak distance AT2 1s a distance
from the positive peak p1 to the positive peak p2. Moreover,
the peak-to-peak distance AT3 1s a distance from the nega-
tive peak n2 to the negative peak n3 and the peak-to-peak
distance AT4 1s a distance from the positive peak p2 to the
positive peak p3.

Similarly, the peak-to peak distance AT5 1s a distance
from the negative peak n3 to the negative peak n4 and the
peak-to-peak distance AT6 1s a distance from the positive
peak p3 to the positive peak p4. Furthermore, the peak-to-
peak distance AT7 1s a distance from the negative peak nd
to the negative peak nS.

The widths of bars can be calculated from these peak-to-
peak distances AT1 to AT7. For example, the peak-to-peak
distance AT1 1s a total of the width of the black bar B1 and
the width of the white bar W1, the peak-to-peak distance
AT2 1s a total of the width of the white bar W1 and the width
of the black bar B2. The peak-to-peak distance A'T3 1s a total
of the width of the black bar B2 and the width of the white
bar W2 and the peak-to-peak distance AT4 1s a total of the
width of the white bar W2 and the width of the black bar B3.
Similarly, the peak-to-peak distance ATS 1s a total of the
width of the black bar B3 and the width of white bar W3 and
the peak-to-peak distance AT6 1s a total of the width of the
white bar W3 and the width of the black bar B4. Moreover,
the peak-to-peak distance AT7 1s a total of the width of the
black bar B4 and the width of the white bar W4.

Thus, since the peak-to-peak distances AT1 to AT7 are the
totals of widths of the black bars and the white bars, the
values of the peak-to-peak distances AT1 to AT7 are integral
multiples not less than twice the basic width. Therefore, by
dividing each peak-to-peak distance by a value that 1is
obtained as a width number, a candidate value for the basic
width corresponding to each peak-to-peak distance can be
calculated.

For example, 11 the peak-to-peak distance value AT1 1s a
width number 2, the candidate value for the basic width
becomes AT1/2 and if we assume that the peak-to-peak
value AT1 1s a width number 3, the candidate value for the
basic width becomes AT1/3.

Thus, upon calculating the candidate value for the basic
width for each peak-to-peak distance, the candidate value
that appears 1n common for each peak-to-peak distance 1s
obtained. By adopting this candidate value for the basic
width that appears 1n common as the basic width, all the

peak-to-peak distances can be expressed as integral mul-
tiples of the basic width.

The peak-to-peak distances AT1 to A'T7 are represented as
time widths 1n the diferential data 3. Theretore, while
calculating the candidate value for the basic width, fre-
quency that 1s a reciprocal of the time width may be used.
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The calculation of the candidate value for the basic width
1s described by referring to FIG. 2. FIG. 2 1s an illustration
of candidate values for the basic width of each peak-to-peak
distance. Frequency 1(Xx, y) illustrated in FIG. 2 1s a function
that 1s denoted by

fix, v)i=v/ATx.

In other words, the frequency 1(x, y) 1s a frequency
corresponding to the candidate value for the basic width
under the assumption that the peak-to-peak distance ATX has
a width number v.

Frequencies 1(1, 2), 1(1, 3), 1(1, 4) are calculated corre-
sponding to the peak-to-peak distance AT1. Further, fre-
quencies 1(2, 2), 1(2, 3), 1(2, 4), 1(2, 5), and 1(2, 6) arc
calculated corresponding to the peak-to-peak distance AT2,
and frequencies 1(3, 2), 1(3, 3), 1(3, 4), 1(3, 5), and 1(3, 6) are
calculated corresponding to the peak-to-peak distance AT3.

Similarly, frequencies 1(4, 2), 1(4, 3), 1(4, 4), 1(4, 5) are
calculated corresponding to the peak-to-peak distance AT4
and frequencies 1(5, 2), 1(8, 3), (5, 4), 1(5, 5), 1(5, 6), 1(5, 7).
(3, 8), 1(5, 9), and (5, 10) are calculated corresponding to
the peak-to-peak distance ATS.

Moreover, frequencies 1(6, 2), 1(6, 3), 1(6, 4), 1(6, 5), 1(6,
6), 1(6,7), 1(6, 8), 1(6, 9), 1(6, 10), and 1(6, 11) are calculated
corresponding to the peak-to-peak distance AT6, and ire-
quencies (7, 2), {7, 3), 1(7, 4), (7, 5), and 1(7,6) are
calculated corresponding to the peak-to-peak distance AT7.

Thus, upon calculating the frequencies corresponding to
the candidate values for the basic width for the peak-to-peak
distances AT1 to AT7 respectively, a frequency that appears
in common to the peak-to-peak distances AT1 to AT7 1s
calculated. Concretely, one value of frequency from the
peak-to-peak distances AT1 to AT7 each, 1s selected and
combined to form combination patterns. Among these com-
bination patterns, a pattern in which frequency error 1n the
pattern 1s the least 1s assumed to be the most suitable
combination pattern and an average of frequencies in the
most suitable combination pattern i1s calculated.

In this case, what 1s required finally 1s the most suitable
combination pattern for which the frequency error in the
pattern 1s the least. Therefore, to start with, one frequency 1s
selected from the peak-to-peak distance AT1 and a fre-
quency that 1s nearest to the frequency that 1s selected from
the peak-to-peak distance A'T1 1s selected from the peak-to-
peak distance AT2. Further, a frequency that 1s nearest to the
frequency that 1s selected from the peak-to-peak distance
AT(x-1) 1s selected from the peak-to-peak distance ATx and
a transition route 1s formed, thereby enabling to obtain the
most suitable pattern, efliciently. The transition route may be
formed by considering the width number 2 as the origin. The
width number 2 1s the least width number in the peak-to-
peak distance. If it 1s assumed that the transition route 1s
formed by taking the peak-to-peak distance of width number
not less than 3 as a width number 2, no suitable frequency
1s obtained 1n any one of the peak-to-peak distances that has
the original width number 2. Therefore, this transition route
can be judged to be unsuitable. Further, by forming a
transition route with frequency not less than width number
3 as the origin, a transition route for each width number can
be calculated.

A transition route R0 obtained by selecting the frequen-
cies 1s 1llustrated 1n FIG. 2. This transition route R0 includes
frequency 1(1, 2) corresponding to the peak-to-peak distance
AT1, frequency 1(2, 3) that 1s nearest to the frequency 1(1,2)
among Irequencies of the a peak-to-peak distance AT2,
frequency 1(3, 3) that 1s nearest to the frequency 1(2, 3)
among Ifrequencies of a peak-to-peak distance AT3, fre-
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quency 1(4, 3) that 1s nearest to the frequency 1(3, 3) among
frequencies of a peak-to-peak distance AT4, frequency 1(5,
5) that 1s nearest to the frequency 1(4, 3) among frequencies
of a peak-to-peak distance ATS, frequency 1(6, 6) that is
nearest to the frequency 1(5, 5) among frequencies of a
peak-to-peak distance AT6, and frequency 1(7, 3) that 1s

nearest to the frequency 1(6, 6) among frequencies of a
peak-to-peak distance AT7.

Transition routes with each frequency of the peak-to-peak
distance ATl as the origin are formed similarly as the
transition route RO. Frequency error for the frequency
selected for each transition route 1s calculated. If an error of
the transition route R0 1s the least as a result of a comparison
of the errors for each transition route, an average of Ire-
quencies 1(1, 2), 1(2, 3), 1(3, 3), 1(4, 3), 1(5, 5), 1(6, 6), and
("7, 3) in the transition route R0 1s calculated and the average
1s output as a basic width frequency 10. Since the basic width
frequency 10 1s a reciprocal of the basic width, the basic
width can be calculated by 1/10.

i

T'hus, 1in the method of reading a bar-code according to the
present invention, a peak-to-peak distance 1s calculated from
differential data of the scan result. Widths that are acquired
by the respective peak-to-peak distances are assumed and
candidate values for the basic width are calculated. A
transition route of the candidate values for the basic width 1s
formed and an average value of the candidate values for the
basic width included 1n a transition route that has the least
error 1s adopted as the basic width. Thus, the basic width of
the bar code can be calculated accurately.

The bar-code reader according to this embodiment 1s
described below. FIG. 3 1s a schematic diagram of the
bar-code reader according to this embodiment. As illustrated
in FI1G. 3, a bar-code reader 12 includes a main controller 21,
a mirror driver 22, a polygon mirror 23, a laser diode (LD)
25, an LD dniver 24, a photodiode 26, an analog/digital
converter (A/D converter) 27, a band-limiting differential
processor 28, a basic-width calculator 29, a decoder 30, and
a communication interface 31.

The main controller 21 controls the bar-code reader 12.
Concretely, the main controller 21 controls the mirror driver
22 and the LD driver 24 and scans a bar code 11. The main
controller 21 also transmits character data that 1s receirved
from the decoder 30 to a POS terminal via the communi-
cation interface 31.

The mirror driver 22 receives a control signal from the
main controller 21 and rotates the polygon mirror 23. The
LD driver 24 receives a control signal from the main
controller 21 and emits a laser beam by operating the LD 25.

The laser beam that 1s emitted by the LD 235 1s reflected
from the polygon mirror 23 and 1s irradiated on the bar code
11. An 1rradiating position of the laser beam on the bar code
11 1s changed by the rotation of the polygon mirror 23,
thereby realizing scan of the bar code 11.

On the other hand, the laser beam that 1s reflected from the
bar code 11 1s converted to an analog electric signal by the
photodiode 26. The A/D converter 27 converts the analog
clectric signal to a digital signal and transmits it to the
band-limiting differential processor 28 and the basic-width
calculator 29.

The basic-width calculator 29 calculates the basic width
based on the digital signal that 1s output by the A/D
converter 27 and transmits the calculated basic width to the
band-limiting differential processor 28 and the decoder 30.

The band-limiting differential processor 28 differentiates
the digital signal that 1s output by the A/D converter 27 in a
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band of frequencies not greater than the frequency of the
basic width, by using the basic width that 1s calculated by the
basic-width calculator 29.

In the digital signal that 1s output by the A/D converter 27,
according to the scaling or reading position of a bar code and
according to the inclination of a bar code, a frequency that
1s equivalent to the basic width can be a frequency over a
wide range from a low frequency to a high frequency.
However, while reading a bar code, the information that 1s
required 1s widths of black bars and white bars and the
widths of the black bars and the widths of the white bars are
integral multiples of the basic width. Thus, the required
information 1s indicated by (a number) that 1s not greater
than the frequency of the basic width and a frequency that
1s not less than the basic width can be considered to be noise
that 1s unnecessary for reading a bar code. Therefore, by
differentiating the frequency that 1s not greater than the basic
width of a bar code, frequency information 1s acquired upon
climinating the region of high frequency and a signal-to-
noise ratio (hereinatter, “SN ratio”) 1s improved. This also
enables to reduce the processing load of differentiation.

The decoder 30 performs sampling by using band-limiting
differential data that 1s output by the band-limiting differ-
ential processor 28 and the basic width that 1s output by the
basic-width calculator 29, and acquires a peak value of
amplitude of the band-limiting differential data. The decoder
30 reproduces an array of white bars and black bars in the
bar code 11 from the peak value of amplitude. Further, the
decoder 30 converts the bar code array to character data that
1s an array of numerals and alphabets, and transmits this
character data to the main controller 21.

FI1G. 4 15 an 1llustration of an mnternal configuration of the
basic-width calculator 29. The basic width calculator 29
includes a differential processor 41, a peak detector 42, a
peak-to-peak distance calculator 43, a frequency-mapping,
unit 44, a transition-route forming unit 45, a least-error
judging unit 46, and an average basic-irequency calculator
47.

The differential processor 41 differentiates an analog
signal that 1s output by the A/D converter 27 and creates
differential data. The peak detector 42 detects a positive
peak and a negative peak from the differential data. The
peak-to-peak distance calculator 43 calculates a distance
between the positive peak and the negative peak.

The frequency-mapping unit 44 calculates candidate val-
ues for the basic width corresponding to each peak-to-peak
distance by dividing each peak-to-peak distance that is
calculated by the peak-to-peak distance calculator 43 by a
value that could be the possible width number. The 1fre-
quency-mapping unit 44 forms a frequency table 50 of the
candidate values for the basic width as shown 1n FIG. 5. As
it 1s shown 1n FIG. §, frequencies corresponding to width
numbers from 2 to x for each peak-to-peak distance from
AT1 to ATm-1 are recorded in the frequency table 50.

In this case, the reason for not calculating the frequency
corresponding to width number 1 1n the frequency table 50
1s as follows. The peak-to-peak distance 1s calculated sepa-
rately as a positive peak and a negative peak. Therefore, a
width number 2 1n case of combining a width number 1 of
a black bar and a width number 1 of a white bar becomes the
least value of the peak-to-peak distance.

The value of the width number x may be set to be a
maximum value based on regulations of bar code that 1s to
be read. For example, in the bar-code regulations, 1f the
maximum width numbers of black bars and white bars are 4
respectively, 1t gives better results 1f the width number x 1s
set to 8, and 11 the maximum width numbers of the black bars
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and the white bars are 7 respectively, 1t gives better results
if the width number x 1s set to 14.

Moreover, an upper limit and a lower limit may be set to
the frequency value. If a large width number 1s assumed for
a peak-to-peak distance for which the peak number 1is
originally small, the candidate value for the basic width
becomes a very small value and the frequency that corre-
sponds to the width number becomes high. Whereas, if a
small width number 1s assumed for a peak-to-peak distance
for which the peak number 1s originally large, the candidate
value for the basic width becomes a very large value and the
frequency that corresponds with the width number becomes
low. Therefore, an upper limit and a lower limait are set 1n
advance to the frequency. By excluding the unsuitable
values of frequency, the number of frequencies that are to be
processed 1s reduced, thereby enabling to reduce the pro-
cessing load.

From the frequency table 50, the frequency-mapping unit
44 prepares a frequency map 51 as shown in FIG. 6. The
frequency map 51 1s a plot of frequencies corresponding to
width numbers from 2 to 14 for each peak-to-peak distance.

The transition-route forming unit 45 forms a transition
route from the frequency map 51. FIG. 7 1s a graphical
illustration of transition routes. Transition routes R1 to R3
are the routes among all the transition routes formed from
the frequency map 51 with the smallest frequency errors.

Concretely, while forming the transition routes, the tran-
sition-route forming unit 45 selects a frequency correspond-
ing to the width number 2 from a first peak-to-peak distance
as an origin and then selects a frequency that 1s nearest to the
frequency selected from a next peak-to-peak distance. Thus,
the transition-route forming unit 45 forms transition routes
by selecting a Irequency that 1s nearest to a frequency
selected from a peak-to-peak distance AT(x-1) from a
peak-to-peak distance ATx. The transition-route forming
unit 45 forms the transition routes one after another in a
similar way by taking the respective width numbers of the
first peak-to-peak distance as an origin.

While selecting a frequency from a certain peak-to-peak
distance, either a frequency that 1s nearest to the value of a
frequency selected from a previous peak-to-peak distance or
a frequency that 1s nearest to an average value of frequencies
that are selected 1n a plurality of peak-to-peak distance
respectively may be selected.

In FIG. 8, variation in methods of selection of frequency
1s 1llustrated. In FIG. 8, a transition route 1s undergoing
transition through frequencies im-4, im-3, Im-2, fm-1, and
fm. In a case of determining a next transition point of the
frequency im, 11 bsl that 1s a value of the frequency im 1s
considered as a reference frequency, a distance d1 from bsl
to fm+1a 1s greater as compared to a distance d2 from bsl
to fm+1b. Therefore, while selecting the frequency, if a
previous Irequency 1s considered as a reference frequency, a
transition from frequency fm to fm+1 takes place.

On the other hand, in a case of determining a point of
transition subsequent to Im, 1f bs2 that 1s an average value
of frequencies from fm-2 to Im, 1s considered as a reference
frequency, a distance d3 from bs2 to fm+1a becomes greater
as compared to a distance d4 from bsl to tm+1b. Therefore,
while selecting a frequency, 1f an average of a plurality of
frequencies 1s considered as a reference value, a transition
from frequency Im to frequency Im+1 takes place.

Thus, by determining the subsequent value of frequency
with an average of a plurality of frequencies as a reference
value, the frequency value changes gradually. This enables
to prevent divergence from a value at the beginning of the
transition route.
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Moreover, while selecting the frequency, a frequency that
1s nearest to the reference value 1s selected. It 1s desirable to
set a threshold value to a distance from the reference value
and not to select a frequency that surpasses the threshold
value. FI1G. 9 1s an 1llustration of a threshold value at the time
of selection of the frequency. In FIG. 9, a frequency In-2 1s
selected at peak-to-peak distance ATn-2, a frequency in-1
1s selected at a peak-to-peak distance ATn-1, and a fre-
quency In 1s selected at a peak-to-peak distance A'ln.

However, in a subsequent ATn+1, a distance d11 up to a
frequency In+1 that i1s nearest to the reference value 1is
greater than a threshold value sh. Therefore, In+1 at Atn+1
1s not adopted and a frequency 1n ATn+2 1s selected based
on the same reference value. Since the distance d12 of
frequency In+2 nearest to the reference value in ATn+2 1s
not greater than the reference value, the frequency In+2 1s
adopted.

Thus, while selecting a frequency, by setting a threshold
value to a distance from the reference value, when there 1s
no suitable value nearby, a transition to a frequency that
differs greatly, 1s prevented.

When the threshold value 1s removed and when the value
1s not adopted, the value of the frequency 1s considered to be
zero and an average of number of eflective frequencies that
are adopted while calculating the average, 1s considered.
Moreover, while calculating the most suitable transition
route from among the transition routes, numbers of eflective
frequencies that are less than a regular number (fixed num-
ber) are excluded from candidature. This enables to have
suflicient number of frequencies and to select a transition
route that has a small error.

Furthermore, while forming a transition route, 1t 1s advis-
able to use single candidate value for the basic width for
only a single combination pattern. FIG. 10 1s an 1llustration
of an example of a transition-route formation. A transition
route R11 has a frequency Al as an origin and undergoes
transitions to frequencies A2, A3, A4, A5, A6, and A7 one
after another. On the other hand, in a transition route R12,
transition to frequencies B2 and B3 takes places with
frequency B1 as an origin. In this case, a nearest frequency
next to the frequency B3 1s A4. However, 11 a transition from
the frequency B3 to the frequency A4 takes place, the same
transition as the transition route R11 occurs subsequently. As
a result, 1n spite of considering the frequency B1 as an
origin, almost the same basic frequency as in a case of the
frequency Al as origin 1s output. Therefore, 1t 1s not possible
to calculate the suitable basic width by the assumption of a
width number, which 1s the original object.

Theretfore, the selection of the frequency that is used in
the transition route R11 1s not allowed and 1n the transition
route R11, by causing a transition ifrom the frequency B3 to
the frequency B4, it 1s possible to form suitably a plurality
of transition routes.

Thus, the transition-route forming unit 45 forms a plural-
ity of transition routes. The least-error judging unit 46
calculates errors in frequencies in each of the transition
routes and judges a route for which the error in frequency 1s
the least, as the most suitable combination pattern. In the
transition routes R1 to R3 that are shown 1n FIG. 7, since the
transition route R1 has the least error in frequencies, the
least-error judging unit 46 transmaits the transition route R1
to the average basic-Irequency calculator 47 as the most
suitable combination pattern.
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The average basic-frequency calculator 47 calculates an
average value of all frequencies in the most suitable com-
bination pattern, 1.¢. the transition route R1 as the average
basic Irequency. Moreover, the average basic-frequency
calculator 47 transmits the reciprocal of the average basic
frequency as the basic width, to the band-limiting differen-
tial processor 28 and the decoder 30.

Thus, 1mn the bar-code reader according to the present
embodiment, the scan result of the bar code 11 is differen-
tiated and the peak-to-peak distance 1s calculated from the
differential data. The frequency table 350 1s prepared by
assuming the widths acquires by respective peak-to-peak
distances. The frequency map 31 1s prepared from the
frequency table 50. A transition route for which the error 1s
the least 1s retrieved from the frequency map 50 and an
average value of frequencies in this transition route 1is
adopted as the basic frequency. This enables to calculate the
basic width of a bar code accurately thereby improving the
accuracy of reading of a bar code and wideming the range of
possible reading of a bar code.

Thus, according to the present mnvention 1t 1s possible to
calculate the basic width of a bar code accurately, thereby
improving the accuracy of reading of a bar code and
widening the range of possible reading of a bar code.

Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which
tairly fall within the basic teaching herein set forth.

What i1s claimed 1s:

1. A bar-code reader that scans a bar code that 1s formed
by black bars and white bars having a width number in
integral multiples of a basic width, and reads information
that 1s 1ndicated by the bar code scan result, comprising:

a main controller;

a mirror driving unit that receives a control signal from
said main controller and rotates a polygon muirror;

a laser diode driving unit that receives the control signal
from said main controller for operating a laser diode to
emit a laser beam to the polygon mirror;

an A/D converter that converts an analog electric signal
received from a bar code to a digital signal, said bar
code receiving the laser beam retlected on the polygon
mirror;

a band-limiting differential processing unit that receives
the digital signal from said A/D converter;

a basic-width calculating unit that calculates a basic width
based on the digital signal from said A/D converter;

a decoding unit that carries out sampling operation, using,
band-limiting differential data output from said band-
limiting differential processing unit and the basic width
output from said basic-width calculating unit, so as to
obtain a peak value of amplitude of said band-limiting
differential data and convert the thus obtained peak
value to a character data; and

a communication interface that recerves the character data
from said decoding unit by way of said main controller

and transmits the data to a POS terminal residing
outside the bar-code reader.
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